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Summary 
92 night-bite collections on human bait (550 
man-nights) and 234 collections of the house-resting 
fauna were carried out from October 1982 to May 
1984 in Brazzaville. A total of 19,531 Culicidae were 
captured, of which 1,893 were Anopheles, almost 
exclusively A. gambiae. An average sporozoite rate of 
3.41% was found from dissection of 1,291 A. gambiae: 
one female A. moucheti was also found to be infected. 
Considerable differences in the intensity of transmis- 
sion of malaria were observed in the different districts 
of the town. Whereas the inhabitants of Brazzaville 
received on average 22.5 infective bites per person per 
year, in reality this number varies according to the 
district, from over 100 infective bites per person per 
year, to less than one infective bite per person every 
three years. With the help of classical quantitative 
epidemiological models, the authors analyse here the 
over-all results, as well as those of two areas of the 
town, the first area characterized by a high anopheline 
density, and the second by the rarity of anopheles. 
Introduction 
The very nature of the urbanization process and of 
its consequences - demographic growth and spread, 
sanitation policy, equipment, environmental pollu- 
tion, etc. - suggest that urban growth is liable to 
alter considerably the main entomological parameters 
affecting the transmission of malaria. Whereas the 
epidemiology of malaria at present is well known in 
rural areas of central Africa where transmission is 
generally intense and- perennial, for urban regions 
there is very little recent information on the main 
entomological parameters necessary for a thorough 
epidemiological study of present conditions for trans- 
mission of malaria. In this article, we present the 
results of a study of these main parameters in 
Brazzaville and analyse certain characteristics of the 
epidemiology in different districts of the town. In the 
following paper, we shall present and analyse the 
relationship observed with the phenomenon of urba- 
nization. 
Material and Methods 
From October 1982 to May 1984, 92 night-bite 
collections on human bait and 234 house-resting 
collections were carried out in Brazzaville. The 
captures took place in turn in each district of the 
town. The collection stations were different each 
time, and spread over the whole of the town. (Fig. 1). 
All the collections were made by the same team of 
collectors. 
Night-bite collections on human bait 
The collections were made by six collectors and a 
team leader, working from 9 p.m. until 6 a.m. in 
three dwellings close together. Three collectors were 
positioned indoors, generally in a bedroom, and three 
others outdoors in front of each dwelling. The 
mosquitoes were captured in small individual glass 
tubes collected every hour. After identification, the 
anopheles were dissected to look for sporozoites and 
to determine their physiological age using Detinova's 
method (DETINOVA, 1945, 1963). Dissection took 
place either immediately or the next day after 
preservation at +4"C. 
House-resting collections 
The aim of these captures was to complete the 
compilation of information necessary to draw u p  a 
map of the intensity of transmission of malaria in 
Brazzaville (TRAPE & ZOULANI, see pp. 19-25). Most 
of the house-resung collections were carried out by a 
team of two, though no strict method was used: the 
time and duration of collections as well as the number 
of rooms or dwellings involved, were very variable. 
For 15 collections in selected stations, the pyrethrum 
spray technique was used. The anopheles captured 
were identified and dissected the same day or the next 
day after preservation at +4"C. 
Results 
Results of night-bite collections on human bait 
With the exception of one collection where only 
four collectors were used, all night-bite collections 
were made with six collectors, making a total of 550 
man-nights. 
The total number of Culicidae collected was 13,994 
among which were 977 anopheles (6.98%). These 
were 967 A. ganzbiae (98*98%), 7 A. funestus (0.72%) 
and 3 A. nili (0.30%). The 13,017 other Culicidae 
collected belonged mainly to the species Culex quin- 
quefasciatus (11,117?), except for a few collections 
,carried out in the Immediate vicinity of the river 
Congo where Mansonia unijìormis and M .  africana 
were also captured. The average number of bites per 
man per night was 25.44 for all the Culicidae and 1.78 
for the anopheles. 
The dissection and examination of the salivary 
glands of 817 anopheles (812 A. gambiae, 4 A. 
funestus, and one A. nili) showed the presence of 
sporozoites in 27 A. gambiae, giving a sporozoite rate 
of 3.33% for A. gambiae. 
The maximum man-biting activity of A. gambiae 
was between midnight and 3 a.m. However, man- 
biting activity was high from 10 p.m. and decreased 
moderately from 3 a.m., possibly because the collec- 
tors became less vigilant as the night advanced. 
The physiological age was determined using De- 
tinova's method (DETINOVA, 1945) for 745 A. gam- 
biae. 614 females were parous and 131 nulliparous. 
The numbers of A. gambiae captured indoors and 
outdoors were equivalent (496 and 471 respectively). 
Results of house-resting collections 
From October 1982 to February 1984, 234 house- 
resting collections were made. 5,537 Culicidae were 
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Fig. 1. Localization of night-bite collections on human bait (black squares) and house-resting collections (black points). The shaded areas represent the Mou-Ngamaba-Ngangouoni 
district (to the West) and the central area of the Poto-Poto-Ouenze-Moungali district (to the East). 
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captured, of which 3,900 were female and 1,637 male. 
Of these 916 (16.45%) were anopheles, 763 female 
and 153 male. The remainder were mostly Culex 
quinquefasciatus. 
Out of 763 female anopheles collected (19.56% of 
all the female Culicidae), 745 were A. ganzbiae 
(97*64%), 15 A .  funestus (1*97%), 2 A. moucheti 
(0.26%) and one A. nili (0.13%). 
Examination of the salivary glands of 479 A. 
gambiae and two A. moucheti showed sporozoites in 17 
A. gambiae and one A. moucheti, making a sporozoite 
rate of 355% for A. gambiae. 
Variations between different collections 
The number of anopheles collected and the ratio of 
anopheles to other Culicidae varied greatly with the 
different collections. Out of 92 collections on human 
bait, 31 (33.70%) contained no anopheles although 
4,776 Culicidae were captured during this time. 20 
collections produced one to five anopheles, 17 from 6 
to 11 anopheles, and 24 produced 12 or more 
anopheles. The maximum number of anopheles 
captured on human bait in a single collection was 144. 
For all Culicidae, the maximum and minimum 
numbers captured during a single collection were 
respectively 906 and 4. Of 234 house-resting collec- 
tions, 120 produced no anopheles. 
Analysis of the results according to the capture 
station shows that the differences observed are 
essentially due to considerable variation in anopheline 
density between the different districts of the town 
and, to a lesser degree, to seasonal variations. Thus, 
out of 27 night capture stations where no anopheles 
were collected during the wet season and the begin- 
ning of the dry season (October to June), 13 are 
'grouped together i n  two areas of the town and form 
two perimeters within whose limits no anopheles were 
collected, neither during night-bite collections nor 
during house-resting collections. The 14 other night 
capture stations .where no anopheles were collected 
during the wet season are scattered over the areas of 
the town where anopheline density has always been 
very low. 
Conversely, the 24 capture stations where at least 
two anopheles were collected per person and per night 
are all situated on the border of non-urbanized areas 
or in districts of the town where anopheline density is 
always very high in the wet season. 
Epidemiological Analysis 
Although some of the parameters used were not 
studied specifically in the conditions of Brazzaville, 
the results were analysed using the classical formulae 
of MACDONALD (1957) and GARRETT- JONES (1964) in 
view of the interest of these formulae applied to 
Brazzaville, and.the rarity of similar studies in urban 
environments. The advantages as well as the limita- 
tions of such an approach have often been empha- 
sized, particularly by HAMON & Coz (1966), GAR- 
RETT- JONES & SHIDRAWI (1969), GARRETT- JONES 
(1970), NAJERA (1974) and BRUCE-CHWATT (1976). 
First, we analyse the over-all results from Brazza- 
ville, then, separately, two different districts of the 
town, the first characterized by a high anopheline 
density, and the second by the rarity of anopheles. 
Results for Brazzaville in general 
Entomological inoculation rate 
The entomological inoculation rate he is calculated 
using the formulae he = mas and MBR = ma, where 
MBR (man-biting rate) is the number of anopheles 
bites per man day (here estimated from night-bite 
collections on human bait), m is the anopheline 
density in relation to man, a the average number of 
men bitten by one mosquito in one day and s the 
proportion of mosquitoes with sporozoites in their 
salivary glands. 
For the whole of Brazzaville we obtained the 
following values: MBR = 1-78 and s = 0.0347. We 
can thus calculate the entomological inoculation rate: 
he = 0.062, which corresponds to one infective bite 
per person every 16 nights, or 22.5 infective bites per 
year. 
Daily survival rate 
Various methods may be used to estimate the daily 
survival rate@). They are based on the immediate and 
delayed sporozoite rates (MACDONALD, 1952; DAVID- 
SON, 1955; DAVIDSON & DRAPER, 1953), the ratio 
between the oocyst rate and the sporozoite rate 
(DAVIDSON, 1957; GARRETT- JONES, 1970), deter- 
mination of the physiological age (DAVIDSON, 1954; 
HAMON et al.,  1961; COZ et al., 1961; BRENGUES &
COZ, 1973), and studies after marking and recapturing 
(GILLIES, 1961; GILLES & WILKES, 1965). 
The simplicity of the determination of physiological 
age according to DETINOVA% method (1945) has led 
most authors to use DAVIDSON'S formula (1954): 
p = xfl, where A is the proportion of parous 
females and x the number of days separating two 
blood meals. 
Concerning A, this formula is valid only if the 
anopheline population is relatively stable, i.e., exclud- 
ing in particular the rise in number of nullipares due 
to the arrival of water in breeding sites as well as the 
older populations remaining after drying-out of the 
breeding sites. Therefore we have considered only the 
results of dissections carried out from November to 
May. In these conditions A = 0.822 for 701 A .  
gambiae examined. 
The time between two blood meals varies for A. 
gambiae between two and three days (MUIRHEAD- 
THOMSON, 1951; GILLIES & WILKES, 1965; BREN- 
GUES & COZ, 1973). It varies in particular with the 
temperature (GILLIES, 1953) and the distance from 
breeding places (CARNEVALE et al.,  1979). Because 
insufficient information was available for Brazzaville, 
we took into consideration the value x =.2 days. 
We .can thus calculate the daily survival rate: 
= -= 0.906. 
Expectation of life and exiectation of infective life 
, From the daily survival rate, it is possible to 
calculate the expectation of life (Il-logp) and the 
exuectation of infective life of the vector ( P " / - ~ o P , P ~  
~ - I I  
(MACDONALD, 1957). 
The exuectation of life of A. wmbiae in Brazzaville 
is 10.18 days. The expectation;f infectivelife varies 
firstly with the daily survival rate, and secondly with 
the duration of the plasmodium extrinsic cycle in the 
anopheles (n), which itself varies with the temperature 
(T). According to MOSHKOVSKY (1950), for P .  
fakiparum n = lll/T-16 = 12.2 days in the climatic 
cond i t ions  of Brazzaville (Mean annua l  
temperature = 25.1"C). We thus obtain a value of 
3.13 days for the expectation of infective life of A. 
zambiae in Brazzaville. 
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moucheti. Out of 249 anopheles dissected (244 A .  
gambiae, 3 A .  funestus and 2 A .  moucheti), 14 (5.62%) 
were found to carry sporozoites (13 A. gambiae and 
one A .  mouchet9. 
Epidemiological anabsis 
For the analysis of the results we considered two 
separate periods, the first covering the eight months 
of the wet season and the first month of the dry 
season, and the second the last three months of the 
dry season. 
The average number of anopheles bites per man 
and per night was 7.26 in the wet season and 0.94 in 
the dry season. For the wet season, the sporozoite rate 
used was the one we found after dissection of 552 
anopheles collected in this area during this season: 
4.89%. We thus obtain an inoculation rate of 0-355 in 
the wet season, which corresponds to one infective 
bite every 2.82 nights. For the nine months of the 
period considered, this gives a result of 96.9 infective 
bites per person. In the dry season, only 5 1 anopheles 
were dissected (none was infected) which is insuf- 
ficient to obtain a reliable sporozoite rate. To deter- 
mine the inoculation rate, we used the over-all 
sporozoite rate for all the anopheles dissected originat- 
ing in this district. In fact, the sporozoite rate in the 
dry season was probably inferior as a result of the 
longer extrinsic cycle due to the fall in average 
temperature during this season. The inoculation rate 
thus calculated is 0.0426, or one infecting bite every 
23.47 nights. For the three months of the period 
considered this gives a maximum of 3.9 infective bites 
per person. We can thus calculate that the total annual 
number of infective bites in this district of Brazzaville 
is 100.8 per person. 
We determined the physiological age of 331 A .  
gambiae collected from November to May when the 
vectorial population is at its most stable. The propor- 
tion of parous females was 83.7%. Taking the same 
values previously used for the duration of the 
gonotrophic cycle ( x  = 2), the duration of the P. 
falciparum cycle in A .  gambiae (n = 12) and the 
man-biting habit (a  = 0-495), we obtain the following 
parameters for the wet season: 
Daily survival rate: p = 0.915 
Expectation of life: Il-log& = 11.24 
Expectation of infective life: p“l-logg = 3.865 
Vectorial capacity: C = 13-89 
Stability index: al-log& = 5.56 
Vectorial capacity 
The vectorial capacity (C), as defined by GARRETT- 
JONES (1964), reflects the expected quantum of new 
infections per infective case per day. It varies with the 
expectation of infective life of the vector (p”l-log&), 
the man-biting rate (ma) and the man-biting habit (a):  
C = ma2 p”/-Iogp. 
The value of a is equal to the ratio of the human 
blood index to the duration of the gonotrophic cycle. 
Although we did not study the human blood index of 
A .  gambiae in Brazzaville, we can estimate that it is 
very close to 100% because of the absence of livestock. 
In diverse semi-urban areas of the Congo, GUEYE & 
ODETOYINBO (1974) found a human blood index of 
100%. In the rural areas of central Africa, high human 
blood index values of A .  gambiae have always been 
observed (BRUCE-CHWATT et al., 1960; GILLIES & DE 
MEILLON, 1968). We therefore considered the human 
blood index of A. gambiae in Brazzaville to be 99% 
which allows the calculation of the daily frequency of 
blood meals on man: a = 0.99/2 = 0.495, and we 
obtain the vectorial capacity: C = 2.76. 
Stability index 
MACDONALD’S stability index (1957) represents the 
mean number of bites on man taken by a vector 
during its entire lifetime. The higher this index 
(stable malaria), the lower is the anopheline density 
necessary to continue transmission. This index varies 
with the man-biting habit and the daily survival rate: 
stability index = al-log&. 
By applying this formula we found a stability index 
for Brazzaville of 5.04. 
The districts of Míilou-Ngamaba and Ngangouoni 
Presentation 
Extending to the west of the town, the administra- 
tive district of Mfilou-Ngamaba and the Ngangouoni 
district (administratively incorporated into the 
Makelekele district) represent one of the more recent 
extensions of Brazzaville. The present population is 
over 50,000, whereas in 1974 it was only 16,810 
(census of 1974 and of 1983). Until the mid 1960s, 
only a few scattered villages existed within the present 
periphery of these districts, with a total population of 
fewer than 1,500 inhabitants. 
As in all recently urbanized districts, the number of 
inhabitants per hectare is low, generally less than 50. 
This area has the aspect of a mosaic, with plots which 
are unoccupied, under construction or inhabited. 
Several streams pass through the districts, with 
vegetable gardens and food crops planted along their 
banks (Fig. 2). A detailed description of this district 
can be found in AUGER & VENNETIER (1976). 
Results of the collections 
In this area of Brazzaville, we carried out 63 
house-resting collections and 12 night-bite collections 
on human bait (72 madnights). 
The total number of Culicidae collected on man was 
1,058, of which 392 were anopheles (390 A .  gambiae 
and 2 A.  funestus). 13 (3.67%) of 354 A .  gambiae 
dissected, were found to carry sporozoites. 
The 63 house-resting collections produced 1,070 
Culicidae (853 and 2176) of which 497 were 
anopheles (4118 and 86~3). These were 486 A .  
gambiae (4009 and 86d),  9 A .  funestus and 2 A .  
In the dry season, the daily survival rate and the 
expectation of life of A .  gambiae are probably 
unchanged, since the longevity of this vector is not 
modified (GILLIES & DE MEILLON, 1968). 
On the other hand, the expectation of infective life 
is decreased due to the fall in temperature (mean 
temperature from July to September = 23.3”C) : the 
duration of the extrinsic cycle, calculated. from 
MOSHKOVSKY’S formula (1950) is 15 days. The 
expectation of infective life is thus only 2.96 days, and 
we observe a considerable decrease in the vectorial 
capacity: C = 1-38. 
Poto-Poto centre and adjacent part of the districts 
of Ouenze and Moungali 
Description 
Although divided administratively into three dis- 
tricts (Poto-Poto, Ouenze and Moungali), this 
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homogeneous area is one of the oldest parts of 
Brazzaville and corresponds approximately to the 
ancient African Cité of Poto-Poto in the 1940s (Fig. 
3). 
The population density is the highest in the town 
with about 250 inhabitants per hectare. The typical 
dwelling house unit, built on a plot, is similar to those 
in other districts of the town, except that a second low 
construction of one to three rooms is generally added 
to the first, thus reducing the empty space on each 
plot. Within the limits of our study the area covered 
was 232 hectares for a population of about 60,000 
inhabitants. This is also an important commercial 
district, with two local markets and many small 
traders and traditional workshops. 
Results of the collections 
In this area we carried out 20 house-resting 
collections and seven night-bite collections on human 
bait (42 man-nights). The total number of Culicidae 
collected on man was 1,523, an average of 36.26 per 
man and per night. No anopheles were found among 
these, all the Culicidae collected being Culex quin- 
quefasciatus. 757 Culicidae were caught during the 
house-resting collections; these were almost exclusive- 
ly C. quinquefasciatus and there were no anopheles. 
Epidemiological analysis 
Since no anopheles were collected in this area we 
were unable to determine the real inoculation rate, 
only the possible upper limit. The maximum number 
of anopheles bitedmadnight is less than 1/42, or 
MBR < 0.0238. Assuming that the rare anopheles 
likely to be present in this area comes from neigh- 
bouring districts and that they have the same sporozo- 
ite rate (3*47%), we can calculate the upper limit of 
the inoculation rate to be: h,<8*259 x or less 
than one infective bite per person every three years 
and four months. The maximum upper limit of the 
inoculation rate taking into account the sample 
fluctuations can be calculated using Poisson’s law. 
The greatest number of bites compatible with an 
observation of O bites is given by Poisson’s table: 3.7. 
We thus obtain he = 0.00306, or one infective bite 
every 327 nights. We can also calculate that the 
maximum upper limit of vectorial capacity is 0.137. 
Discussion 
This study shows the existence of considerable 
differences in anopheline density in different districts 
of the town: the average number of bites per man and 
per night is at least 238 times greater in the 
Mfilou-Ngamaba-Ngangouoni area, where it reaches 
7.26 in the wet season and 0.94 in the dry season, than 
in the central area of Poto-Poto-Ouenze-Moungali 
where no anopheles were collected during 42 man- 
nights. However, even in the areas where it is highest, 
the anopheline density in Brazzaville remains con- 
siderably lower than in the surrounding rural region, 
where it is several dozen bitedmadnight: 96 bites/ 
madnight for A. gambiae alone in Djoumouna 
(CARNEVALE, 1979), 77 biteslmanlnight in Loukanga 
(BITSINDOU, 1984), 35 bitedmadnight in Linzolo 
(TRAPE & ZOULANI, 1987b). 
Although four species of anopheles were collected 
within the limits of the town (A. gambiae, A .  funestus, 
A .  moucheti and A .  nil9 and two of these species were 
found to be infected, only A. gambiae, which repre- 
sents 99% of the collections, is involved in the 
transmission of malaria. The predominance of A .  
gambiae in Brazzaville had already been observed by 
MAILLOT (1953), MERLE & MAILLOT, (1955), BRADY 
(1961), ADAM & SOUWEINE (1962), NOAMESI et al. 
(1972) and GUEYE & ODETOYIMBO (1974). In the 
surrounding rural areas A .  gambiae represents about 
90% of the collections (BRADY, 1961; CARNEVALE & 
LE PONT, 1973; CARNEVALE, 1979; NZIAMBOUDI, 
1982; TRAPE & ZOULANI, 1987b) and its predomi- 
nance in thus even more accentuated in urban 
regions. 
Unlike the anopheline density, the sporozoite rate 
is remarkably similar in urban and surrounding rural 
regions: from 3.47% to 4.48% in Brazzaville, 3.37% in 
Djoumouna (CARNEVALE, 1979), 3.5 1% in Yalavoun- 
ga and 4.16% in Mbamou (NZIAMBOUDI, 1982) and 
2.60% in Linzolo (TRAPE & ZOULANI, 1987b). 
However, most of the previous studies carried out in 
Brazzaville and the surrounding areas mention higher 
sporozoite rates, usually between 4.5% and 7.5% 
(MAILLOT, 1953; MERLE & MAILLOT, 1955; BRADY, 
1961; ADAM & SOUWEINE, 1962; ADAM et al . ,  1964; 
CARNEVALE, 1972). If this is effectively the case, the 
present decrease in sporozoite rate is probably due to 
the more intensive use of antimalarial drugs in infants 
and young children. 
The considerable difference in intensity of malaria 
transmission in the different districts of the town, the 
causes of which will be analysed in the following 
paper, (see pp. 19-25) shows the limitations of a study 
based on localized surveys, which do not take into 
account the diversity of the epidemiological situations 
existing in the same town. Thus, in the case of Pikine 
in Senegal (VERCRUYSSE & JANCLOES, 1981; VER- 
CRUYSSE et al . ,  1983), where all the collections were 
carried out on the border of a marshland where A .  
arabiensis breeding places were found, it is probable 
that the choice of another district farther from the 
marshland would have given different results for the 
vectorial density. Although only a close longitudinal 
study of a given district allows a precise estimation of 
several of the essential entomological parameters, it is 
in practice difficult to carry out the number of studies 
necessary because of the large area of African towns. 
Moreover, the decrease in vectorial density observed 
in urban environments creates specific problems for 
the estimation of several parameters. Thus, in the case 
of Poto-Poto-Ouenze-Moungali, a greater number of 
captures would have given a more precise result for 
the anopheline density, but would not have permitted 
a reliable estimation of the sporozoite rate or the 
proportion of parous females, because of the extreme 
rarity of vectors. We are thus obliged to use a series of 
assumptions concerning these parameters. In the case 
of the sporozoite rate, two opposing suppositions are 
equally plausible: either the rare anopheles likely to 
be observed in the Poto-Poto-Ouenze-Moungali area 
come from the surrounding districts, in which case 
the sporozoite rate would probably be equal to, or 
even greater than, that observed in these districts, or 
these anopheles come from minute, temporary, local 
breeding places, in which case the sporozoite rate 
would be much less than that observed elsewhere 
because of the very low gametocyte rate of the 
population residing in this district (see pp. 26-33). 

uenze., istrict. 
However, even assuming that the sporozoite rate is 
high, the entomological rate of inoculation remains 
very low. Likewise, a very low vectorial capacity, less 
than O-137, shows that malaria cannot exist spon- 
taneously in this district of Brazzaville: it is imported 
or introduced. 
In the case of the Mfilou-Ngamba-Ngangouoni 
district, the epidemiological analysis shows on the 
contrary a high level of transmission, about 100.8 
infective bites per year and per person. Such a high 
transmission intensity is frequent in the Guinean 
region of tropical Africa (HAMON et al., 1962; COZ et 
al., 1966). In regions of the Sudan, and especially of 
the Sahel, the annual number of mfective bites per 
person is generally considerably lower (BRUCE- 
CHWATT, 1954; CHOUMARA et al., 1959; SERVICE, 
1963; HAMON et al., 1965; DRAPER et al., 1972; 
KRAFSUR 8~ ARMSTRONG, 1978; MOLINEAUX & GRA- 
MICCIA, 1980) because of a Sharp decrease in the 
vectorial density during the driest season of the year, 
and the fact that A. arabiensis has a low anthropophilic 
tendencv in rural areas. In urban regions, the only 
recent itudy on this subject is by ~ERC~JYSSE & 
TANCLOES (1981’1 in Seneeal. Thev observed in Pikine 
“a cumulatiGe entomologi~al rate Of inoculation of 43 
infective bites per year. 
The main entomological parameters in Brazzaville 
(daily survival rate, expectation of life, expectation of 
infective life, stabilitv index) have values close to 
those observéd in the sÜrroun&ng rural areas (CARNE- 
VALE. 1979: BITSINDOU. 1984: TRAPE & ZOULANI 
(198fb), aid in other ’ regiois of central Africa 
(RICHARD, 1983). Because A. gumbiae has a high daily 
survival rate aid human blo%d index, the itabiliti 
index is hiEh. more than 5. SO, onlv a considerable 
reduction ii ihe anopheline deniity is liable to affect 
transmission appreciably: this is precisely what we 
found in certain districts of Brazzaville. 
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